intense agricultural production and consumption of lowland crops (Gaggio & Goldstein, 2015; Gaggio & Goldstein, 2016; Somerville et al., 2015) . Chen Chen-style cemetery areas contained Tiwanakustyle underground, seated flexed burials (Figure 2 ). Most individuals showed local strontium isotope paleomigration signatures (Knudson & Blom, 2011; Knudson, Goldstein, Dahlstedt, Somerville, & Schoeninger, 2014; Knudson, Price, Buikstra, & Blom, 2004) , as would be expected with sedentary people.
Omo-style Tiwanaku settlements were located farther away from agrarian areas and appear to be less permanent due to their ephemeral, tent-like architecture. They contained relatively little infrastructure or tools for agricultural processing and were situated close to long-used and well-marked trade routes for llama caravans that avoided farmland and the local Moquegua River floodplain (Goldstein, 2005; Goldstein, 2015) . Omo-style cemeteries were also distinct in that they had significant aboveground structures, suggesting easily visible marked burial grounds ( Figure 3 ). Strontium isotope paleomigration analyses showed many Omo-style burials with intermediate values from between the altiplano and the Moquegua Valley, suggesting lifelong movement between these two regions (Knudson et al., 2014) . In this paper, we tested if there were skeletal distinctions between Chen Chen-style and Omo-style burials using evidence of bony changes (i.e., lipping, porosity, osteophyte formation, and/or eburnation) associated with osteoarthritis (OA). OA is a degenerative joint disease with a multifactorial aetiology that could include obesity, genetics, an individual's sex, repeated mechanical stress to a joint, advanced age, and trauma (Felson, 2004; Hunter, March, & Sambrook, 2002; Jurmain, 1999; Jurmain, Alves Cardoso, Henderson, & Villotte, 2012; Rogers & Waldron, 1995; Rogers, Waldron, Dieppe, & Watt, 1987; Rytter, Egund, Jensen, & Bonde, 2009; Spector & MacGregor, 2004; Waldron, 1995; Waldron, 1997; Weiss & Jurmain, 2007) . Whichever the cause or causes, the bone changes linked to OA generally indicate damage to a joint surface and the body's attempt to repair the area (Brandt, Dieppe, & Radin, 2009) . In this study, 25 total surfaces in six synovial joints (shoulder, elbow, wrist, hip, knee, and ankle) and one synovial and fibrous joint (sacroiliac) were scored for OA (Table 1) . Using these data, we evaluated if there were any significant variations between the two stylistic groups, as these may translate into evidence of subsistence strategy-based repetitive motion differences (Becker, 2016; Becker, 2017; Bridges, 1991; Bridges, 1992; Bridges, 1995; Cheverko & Bartelink, 2017; Cope, Berryman, Martin, & Potts, 2005; Domett, Evans, Chang, Tayles, & Newton, 2017; Jurmain, 1999; Walker-Bone & Palmer, 2002; Weiss & Jurmain, 2007) .
In addition, we performed age-at-death and sex comparisons between the two groups, which could provide more nuanced understandings of Tiwanaku lifestyle. This is because historic and recent accounts of tasks in the Andes show labour division first by age and then by gender (Bolin, 2006; Ebert & Patterson, 2006; Guaman Poma de Ayala, 2006 : 1613 Harris, 1980; Lucy, 2005; Mitchell, 2003; Silverblatt, 1987; Somerville et al., 2015; Widmark, 2000) . For example, modern Andean children rarely have specific activities for girls or boys. Rather, upwards from age 5 years, they are given tasks that they can handle (e.g., babysitting younger siblings) and are often seen by age 7 or 8 years as capable of heavier work (Graham, 1997 (Graham, : 1703 Hardman, 1976: 2) . Pre-teen children regularly contribute to the pastoralist or farming economy by pasturing animals, spinning wool into yarn, obtaining water and firewood, helping prepare fields for planting, finding forgotten yields (e.g., potatoes), and preparing food (e.g., walking on potatoes to help freeze-dry them into chuño) (Abercrombie, 1986: 115; Bolin, 2006: 72; Carter, 1967; Hardman, 1976: 2; Lucy, 2005: 43; Mitchell, 2003: 276) . In addition to age, as Andean children grow older, gendered division of labour is also often related to partnership in marriage. These relationships still have relative gender equality, but Andean women tend more to household activities, whereas men work more collective tasks like reciprocal work parties (Abercrombie, 1986; Carter, 1967; Dean, 2001; Hardman, 1976; Harris, 1978; Harris, 1980; Silverblatt, 1987) .
Our research was also able to address prior scholarship (e.g., Benjamin et al., 2006; Halcrow & Tayles, 2011; Jurmain et al., 2012; Pearson & Buikstra, 2006; Villotte & Knüsel, 2013) that noted that skeletal changes associated with occupation and repeated mechanical stress likely began earlier in life. Comparisons of all ages of Andean Tiwanaku people in this study provide an opportunity to study OA evidence from a group that likely laboured from a young age. Thus, by evaluating Tiwanaku's Moquegua colony by comparing the two major social-stylistic groups and considering both age-atdeath and sex, we see observable patterns in evidence of OA connected to occupation and division of labour in the colonial settlements of this state-level society.
| MATERIALS AND METHODS
The sample for this study consisted of 1,389 Tiwanaku individuals housed at the Museo Contisuyo, Moquegua, Peru. These burials were excavated from the Atacama Desert, and the majority of remains have near-perfect bone preservation due to this area's lack of rainfall and low humidity. Although the Moquegua Valley has mummified burials, (Bass, 1981; Buikstra & Ubelaker, 1994; Ubelaker, 1999) . To estimate age, multiple methods were used wherever possible: dental eruption, dental wear, closure of the epiphyseal sutures, pubic symphysis, auricular surface, and sternal rib end changes (Buikstra & Ubelaker, 1994; Iscan, Loth, & Wright, 1984; Key, Aiello, & Molleson, 1994; Lovejoy, 1985; Scheuer & Black, 2000; Suchey & Katz, 1998; Ubelaker, 1999) . Table 2 shows demography of the sample divided by Chen Chen-style and Omo-style into subadults and adults. We grouped subadults into categories with preservation often permitting very narrow age-at-death groupings (i.e., fetal-1 year, 2-4 years, 5-9 years, 10-12 years, and 13-15 years).
However, as it is more difficult to estimate adult age from skeletal remains (Hoppa, 2002) , wider ranges were required, and adults were grouped as young (16-29 years), middle (30-49 year), or older (+50 years) adult. We also separated adults for sex and a combined category of sex with age-at-death (noted in Table 2 ). Overall, there is a disparity in the sample size comparison between the two subsistence-groups, especially as the sex and age-at-death categories narrow. The statistical analysis, explained below, has helped account for these differences.
In terms of OA, Rogers and Waldron (1995) noted evidence of this condition when there was pitting or porosity, new bone growth in the form of osteophytes or lipping, changes in joint contour, or in severe cases, bone polishing with eburnation on a joint's surface. This research used this definition and also followed standards (Buikstra & Ubelaker, 1994: 121-123) . Data were recorded bilaterally for each surface if at least 90% of the joint was visible and intact.
Each joint surface was scored as present for evidence of OA if lipping, porosity, osteophytes, and/or eburnation were noted over at least one third of the joint surface or margin, and in general, at least two criteria were required for a count of present. In addition, if any overt evidence of trauma was noted (e.g., broken and healed bone), the individual was not included. All comparisons were made while controlling for age-at-death and sex in order to address concerns about age-or sex-based skeletal changes (Jurmain, 1999; Jurmain et al., 2012; Weiss & Jurmain, 2007) . Finally, the cemetery collections in this study represent people who were genetically similar (Baitzel & Goldstein, 2016; Blom, 2005; Blom, Hallgrímsson, Keng, Lozada, & Buikstra, 1998; Blom & Knudson, 2007; Knudson, 2004) but not from an isolated or closed population causing accelerated rates of OA (Domett et al., 2017) . Thus, although we cannot say that any OA changes when observed were solely from activity, we have tried to limit many of the aetiological factors.
Although data were recorded for each individual, this research focused on a population-based perspective to evaluate general patterns in skeletal changes associated between groups. However, an extension of generalized linear models, was chosen to help with these issues. GEE is a population-averaged method accounting for correlation among measures within subjects, which can assess the simultaneous impact of multiple factors and their effects (Agresti, 2007; Ghislatta & Spini, 2004; Liang & Scott, 1986) . GEE works well for this type of data because it models estimates of population parameters that are calculated using each recorded data point within each individual's joint, allowing for the largest possible sample size while still remaining linked to an individual. Thus, it preserves individual-level information but does not permit one heavily effected individual to skew the data. Although this style of data modelling may have some smoothing effects due to the population-averaged methodology, GEE does have many beneficial elements (see Gagnon & Wiesen, 2013; Nikita, 2014 for further bioarchaeological discussion). In sum, it accommodates variables that are not normally distributed, small sample sizes, and randomly missing or unobservable variables, which are especially useful in this study and bioarchaeological research in general (Becker, 2012; Becker, 2013; Gagnon & Wiesen, 2013; Ghislatta & Spini, 2004; Nikita, 2014) . GEE can also evaluate any number of nominal or quantitative predictor variables that cannot be assessed using bivariate analysis, such as controlling for age-at-death and sex, as was used in this study. All data were evaluated at the 0.05 level using the chi-square statistic, and comparisons were made between individuals from sites at the population level with Chen Chen-style and Omo-style, and by age-at-death, sex, and combined age-at-death and sex in SAS 9.4.
| RESULTS
Subadults in this study were evaluated for evidence of arthropathic changes using evidence of lipping, porosity, osteophyte formation, and/or eburnation (Table 3) . GEE could not be modelled for the majority of subadult joint surfaces likely because articular surfaces were observable, but there were few-to-no reported present scores to address the population-averaged response. However, children showed results on surfaces in the elbow and ankle joints for both the Chen
Chen-style and Omo-style burials. In the combined under 15-years group, as well as 5-9, 10-12, and 13-15 years-at-death categories, children had modelled results in the elbow. In the ankle, results were noted in the under 15-years group in the left, right, and combined sides and in the 5-9 years-at-death group in the right and combined side comparisons.
All adults and adults divided by sex (only males and females were used) are noted in Table 4 with no significant results in the overall sample. GEE could be performed for the majority of the sample by sex. The only significant difference by sex is the right hip of the female sample, which showed higher modelled rates from the Omo-style burial sample. When divided by age (Table 5) , there were more significant modelled results. Young adults showed a significant difference in the combined wrist joint, with higher modelled rates from Chen Chen-style burials, 12% versus 3% from Omo. Middle adults had three significant differences, in the shoulder, the right sacroiliac, and combined left and right sacroiliac and Omo-style burials had the higher rates. Older adults also had three significant comparisons, in the wrist, the left hip, and left knee with higher Omo-style modelled percentages. However, as noted in the population demography, these significant differences were more likely due to the small Omo-style sample size.
Finally, data were compared by sex combined with age-at-death, and these results are noted in Tables 6 and 7 . Overall, there were no significant differences for males (Table 7) . Females (Table 6) had two significant results for the middle year group and 12 significant results for the older year group; however, the latter was likely due to small sample size. Among female middle-age adults, the Chen Chen-style burials showed significantly higher modelled rates in the wrist, akin to younger adults not divided by sex (Table 5 ). In contrast, the sacroiliac results showed higher modelled rates from Omo-style cemeteries than Chen Chen ones, with 80% and 56%, respectively.
| DISCUSSION
In this research, the first noteworthy result was the evidence of subadult arthropathy in the elbow joint throughout all age groups and in the ankle joint in the combined and 5-9 years-at-death groups.
It is somewhat surprising to find any subadult with evidence of lipping, (Chammas, 2014; Nandi et al., 2009 ). In addition, ankle OA in younger individuals is especially prevalent when associated with joint instability trauma (e.g., sprain causing permanent proprioception problems) (Harrington, 1979; Taga, Shino, Inoue, Nakata, & Maeda, 1993; Valderrabano, Horisberger, Russell, Dougall, & Hintermann, 2008 ).
Although we cannot rule out that these affected children had other ongoing conditions (e.g., systemic infections), were obese, or familially prone, our results could be evidence of high-impact repeated tasks required of Andean children as young as 5 years (Bolin, 2006; Carter, 1967; Graham, 1997 Graham, : 1703 Hardman, 1976 (Tables 4, 5 , and 6) and throughout the state in people younger than 20 years-at-death (Becker, 2013; Becker, 2017) .
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Omo people performed more than Chen Chen groups did. Significant differences among older adults were likely a product of a small sample size and not necessarily true distinctions.
When OA was evaluated by sex and sex with age-at-death, males and males by age-at-death do not show any significant results (Tables 4 and 7 ). However, females and females by age-at-death had significant results (Tables 4 and 6 ). Comparable to other research on complex societies and labour (e.g., Arnold, 2006; Brumfiel, 1991; Brumfiel, 1992; Ebert & Patterson, 2006; Hastorf, 1991; Silverblatt, 1987) , these results may represent gendered activity distinctions in the way females among the stylistic groups lived their lives. There were significantly higher Omo-style rates in the right hip in the female sample and both sides of the sacroiliac among middle-aged females.
These results could indicate distinctions in the way Chen Chen and
Omo females lived and moved. This trend could also correlate with clinical accounts of lower back, hip, and sacroiliac OA among modern people who run or walk while wearing heavy backpacks (Chosa, Totoribe, & Tajima, 2004; Whiting & Zernicke, 2008: 281) and Andean pastoralists who porter loads on their backs (Tripcevich, 2008; Tripcevich & Capriles, 2016) .
Akin to younger adults, middle-age females also had higher OA rates from Chen Chen-affiliated burials in the wrist joint. Wrist arthritis could be indicative of a repetitive task related to agriculture that young people and middle-aged females did. Unfortunately, modelling could not be performed on younger females, so we currently cannot tell if this was a gendered plus age-at-death trend. In addition, significant results for females in the older age category were likely a product of a small sample size.
| CONCLUSIONS
Our main goal in this research was to look for OA differences between the Chen Chen-style and Omo-style burials to determine if there were any overarching OA skeletal differences. We did not find any statistically significant differences in the overall population and both groups showed similar modelled rates of OA in the combined adult population. However, when sorted by sex, age-at-death, and sex with age-at-death, we did find patterning by cultural affiliation in younger and middle-aged people and in females coinciding with modern and ethnohistoric accounts of Andean age and gender divisions (Abercrombie, 1986: 115; Bolin, 2006: 72; Carter, 1967; Hardman, 1976 performed using the wrist joint by Chen Chen-style young adults and middle-aged females, perhaps in food preparation and weaving. Conversely, among Omo style peoples, the middle-aged, females, and middle-aged females, there is possible evidence of portering loads on the joints in the shoulder, hip, and sacroiliac. These age and sex distinctions are consistent with our archaeological hypothesis of occupationally specialized corporate agricultural and pastoral groups within Tiwanaku.
This research also supports clinical and bioarchaeological studies that note intense and repetitive work from a younger age may positively influence skeletal evidence of activity indicators (Benjamin et al., 2006; Halcrow & Tayles, 2011; Jurmain et al., 2012; Pearson & Buikstra, 2006; Villotte & Knüsel, 2013) . 
